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ABSTRACT 

PURPOSE: To reduce an off current by providing a second insulating film, 
which covers the side face of a gate electrode, and providing a third 
insulating film of the same material as that of the first insulating film 
and further a fourth insulating film, and separating a region, where 
impurities are added, and the gate electrode by a distance smaller than the 
thickness of the second insulating film. 

CONSTITUTION: A semiconductor thin film 1 in which source, drain and 
channel regions are to be formed is made, and hereon a first insulating 
film 2 to become a gate insulating film is provided, and through this a 
gate electrode 3 is provided on the semiconductor thin film 1 in the 
channel region. A second insulating film 31 is provided to cover this, and 
a third insulating film 71 is provided on the gate electrode 3 and the 
second insulating film 31 out of the same material as the first insulating 
film 2. Furthermore, a fourth insulating film 7 is provided on the first, 
second and third insulating film 2, 31, and 71. And the region where 
impurities to become donor or an acceptor are added of the semiconductor 
thin film 1 and the gate electrode 3 are spaced a distance smaller than the 
thickness of the second insulating film 31 apart. 
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of Fabricating Same 
(57) [Abstract] 

[Object] It is intended to reduce the OFF current of a 
thin-film transistor and to facilitate the contact hole 
formation process. 

[Configuration] According to a thin-film transistor of the 
present invention, a gate electrode is offset by a given amount 
with respect to a semiconductor thin film doped with a dopant 
becoming a donor or acceptor by anodic oxidation. Therefore, 
the OFF current can be reduced. And, a third insulation film 
consisting, for example, of silicon oxide is formed on the 
gate electrode. Consequently, this is etched simultaneously 
with the gate insulation film during the contact hole formation 
process. Hence, the conventional contact hole formation process 
can be used. 
[ Claims ] 

[Claim 1] A thin-film transistor comprising: 

a semiconductor thin film that is to form source, drain, 

and channel regions; 

a first insulation film which is formed on the 

semiconductor thin film and which is to form a gate insulation 

film; 

a gate electrode formed over said semiconductor thin 
film in said channel region via said first insulation film; 
a second insulation film formed so as to cover the side 
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surface of the gate electrode; 

a third insulation film formed on said gate electrode 
and on said second insulation film, the third insulation film 
being made of the same material as said first insulation film; 
and 

a fourth insulation film formed on said first, second, 
and third insulation films; 

wherein the region of said semiconductor thin film doped 
with the dopant becoming a donor or acceptor and said gate 
electrode are spaced from each other by a distance smaller 
than the thickness of said second insulation film. 

[Claim 2 ] The thin-film transistor as set forth in claim 
1, wherein said second insulation film has been formed by 
oxidizing the sidewall of said gate electrode itself, 

I Claim 3 ] Amethod of fabricating a thin-film transistor, 
comprising the steps of: 

performing a first step consisting of successively 
forming a semiconductor thin film that is to form source, 
drain, and channel regions, a first insulation film which 
is formed on the semiconductor thin film and which is to form 
a gate insulation film, a gate electrode formed over said 
semiconductor thin film in said channel region via the first 
insulation film, and a third insulation film formed on the 
top surface of the gate electrode and made of the same material 
as said first insulation film; 
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performing a second step consisting of implanting a dopant 
becoming a donor or acceptor into said semiconductor thin 
film while using said gate electrode as a mask; 

performing a third step consisting of oxidizing the 
sidewall of said gate electrode itself to form a second 
insulation film; 

performing a fourth step consisting of forming a fourth 
insulation film on said first, second, and third insulation 
films; and 

performing a fifth step consisting of etching said first, 
third, and fourth insulation films in contact regions for 
the source, drain, and gate electrodes to thereby expose the 
semiconductor thin film and said gate electrode, 

[Claim 4 ] A method of fabricating a thin-film transistor 
as set forth in claim 3, 

wherein said semiconductor thin film is made of silicon, 

wherein said first, third, and fourth insulation films 
are made of silicon oxide, and 

wherein said second insulation film is made of tantalum 
oxide obtained by anodically oxidizing the sidewall of the 
gate electrode consisting of tantalum. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] 

The present invention relates to thin-film transistors 
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(TFTs) used for active-matrix type liquid crystal displays 
(LCDs) and memory integrated circuits and also to a method 
of fabricating them. 
[0002] 
[Prior Art] 

In thin-film transistors, it is important to reduce 
so-called OFF currents . Various procedures have been heretofore 
attempted as in Fig. 2. In (a) of this figure, a gate insulation 
film 2 is formed on a semiconductor thin film 1. A source 
region IS and a drain ID are formed by ion implantation via 
a gate electrode 3 and a mas]cing material 4 formed on the 
gate insulation film. Then, the gate electrode 3 is etched 
to thin it. According to this, an offset corresponding to 
the etched portion of the gate electrode 3 is obtained. In 
consequence, the OFF current can be reduced. 
[0003] 

In (b) of this figure, an insulation film 5 is formed 
on the sidewall of the gate electrode 3 and ion implantation 
is done to thereby realize an offset structure or LDD structure. 
In (c) of the figure, a masking material 6 is provided and 
ion implantation is done to thereby give a distance between 
the gate electrode 3 and the source region IS/drain region 
ID. In any case, the OFF current can be reduced. 
[0004] 

Incidentally, the present applicant has filed a novel 
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technique for a patent application (May 8, 1991; not yet laid 
open to public inspection). This technique uses tantalum as 
the gate electrode 3 in realizing such an offset structure 
or LDD structure. Then, it is anodically oxidized. Fig. 2(d) 
shows this. That is, the gate electrode 3 is first formed 
on the gate insulation film 2 . Using it as a mask, ion implantation 
is done to thereby form source region IS and drain region 
ID consisting of the semiconductor thin film 1 doped with 
a dopant. Thereafter, an insulation film 31 of TaiOs is formed 
by anodic oxidation. The gate electrode 3 is thinned. Thus, 
an offset structure is obtained . 
[0005] 

[Problem that the Invention is to Solve] 

The technique of the above -described patent application 
has the problem that the contact hole formation process is 
made difficult. This is described using the process diagram 
of Fig. 3. First, the semiconductor thin film 1 made of 
polysilicon is formed on a substrate 10 made of glass or the 
like, thus forming a gate insulation film 2. Then, a gate 
electrode 3 made of tantalum is formed. Using this as a mask, 
ion implantation is conducted. Then, the gate electrode 3 
is anodically oxidized to form an insulation film 31 of TaaOs. 
An insulation film 7 of Si02 is formed over the whole surface 
(see (a) of the figure). 
10006] 
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Then, a resist film 8 is applied and patterned to form 
contact holes (see (b) of the figure). The insulation film 
7 of Si02 is etched. Thus, the semiconductor thin film 1 in 
the source region IS and drain region ID and the insulation 
film 31 of Ta.Os are exposed. As a result, contacts can be 

made. 
[0007] 

However, the etching of the insulation film 31 of Ta.O, 
is CDE (chemical vapor phase etching) using CF./O.. Therefore, 
the polysilicon forming the source region IS and drain region 
ID is etched simultaneously with the insulation film 31 of 
Ta.Os. consequently, there is the drawback that the contact 
hole formation process established from the past cannot be 
used. It is the object of the present invention to solve this 
problem with the prior art. 
[0008] 

[Means for Solving the Problem] 

A thin-film transistor according to the present invention 
comprises: a semiconductor thin film that is to form source, 
drain, and channel regions; a first insulation film which 
is formed on the semiconductor thin film and which is to form 
a gate insulation film; a gate electrode formed over said 
semiconductor thin film in said channel region via the first 
insulation film; a second insulation film formed so as to 
cover the side surface of the gate electrode; a third insulation 
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film formed on said gate electrode and on said second insulation 
film, the third insulation film being made of the same material 
as said first insulation film and being formed on the gate 
electrode and the second insulation film; and a fourth insulation 
film formed on said first, second, and third insulation films. 
The region of said semiconductor thin film doped with the 
dopant becoming a donor or acceptor and said gate electrode 
are spaced from each other by a distance smaller than the 
thickness of said second insulation film* 
[0009] 

A method of fabricating a thin-film transistor in 
accordance with the present invention comprises the steps 
of: performing a first step consisting of successively forming 
a semiconductor thin film that is to form source, drain, and 
channel regions, a first insulation film which is formed on 
the semiconductor thin film and which is to forma gate insulation 
film, a gate electrode formed over said semiconductor thin 
film in said channel region via the first insulation film, 
and a third insulation film formed on the top surface of the 
gate electrode and made of the same material as said first 
insulation film; performing a second step consisting of 
implanting a dopant becoming a donor or acceptor into the 
semiconductor thin film while using the gate electrode as 
a mask; performing a third step consisting of oxidizing the 
sidewall of the gate electrode itself to form a second insulation 
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film; performing a fourth step consisting of forming a fourth 
insulation film on the first, second, and third insulation 
films; and performing a fifth step consisting of etching the 
first, third, and fourth insulation films in contact regions 
for the source, drain, and gate electrodes to thereby expose 
the semiconductor thin film and the gate electrode. Preferably, 
the semiconductor thin film is made of silicon. The first, 
third, and fourth insulation films are made of silicon oxide, 
and the second insulation film is made of tantalum oxide obtained 
by anodically oxidizing the sidewall of the gate electrode 
consisting of tantalum. 
[0010] 
[Operation] 

According to the thin-film transistor of the present 
invention, the gate electrode is offset by a given amount 
with respect to the semiconductor thin film doped with the 
dopant becoming a donor or acceptor and so the OFF current 
can be reduced. The third insulation film made of silicon 
oxide, for example, is formed on the top surface of the gate 
electrode. Consequently, this acts to be etched simultaneously 
with the gate insulation film during the contact hole formation 
process. Accordingly, in the fabrication sequence, the 
conventional contact hole formation process can be used. 
[0011] 

[ Embodiment ] 
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An embodiment of the present invention is hereinafter 
described using the accompanying drawings . Note that identical 
constitutive elements are given by identical symbols in the 
drawings and thus repeated description is omitted. 
[0012] 

Fig, 1 is a cross-sectional view of separate steps showing 
the process. First, in the same way as shown in the above -cited 
patent application, a semiconductor thin film 1 of polysilicon 
or the like and a gate insulation film 2 are formed on a substrate 
10 as made of glass. A two-layer structure consisting of a 
gate electrode 3 of tantalum and an insulation film 71 of 
Si02 is formed in a channel region (see Fig. 1(a) ) . Then, using 
this insulation film 71 and the gate electrode 3 as a mask, 
a dopant becoming a donor or acceptor is implanted. Thus, 
a source region IS and a drain region ID are formed in the 
semiconductor thin film 1 of polysilicon in a self -aligned 
manner. 
[0013] 

Then, using the insulation film 71 of SiOa as a mask, 
the sidewall of the gate electrode 3 of tantalum is anodically 
oxidized, thus forming an insulation film 31 of TaaOs (see 
(b) of the figure). It follows that the gate electrode 3 is 
thinned. Consequently, the region formed in a self -aligned 
manner and doped with a dopant becoming a donor or acceptor 
is offset from the gate electrode 3 by a given distance. 
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Thereafter, an insulation film 7 of SiO. is deposited over 

the whole surface (see (c) of the figure). 

[0014] 

Then. a resist mask (not shown) is formed by 
photolithography. Using this, open holes for contacts are 
formed in the insulation film 7 of SiO,. As a result, the 
insulation film 71 of SiO. and gate insulation film 2 of SiO. 
are etched simultaneously in regions where source, drain, 
and gate electrodes are formed (see (d) of the figure). 
[00151 

If etching is done using an etchant capable of etching 
only SiO. in this way. the semiconductor thin film 1 to be 
contacted with source and drain electrodes is exposed, together 
with the gate electrode 3. Then, ohmic electrodes (not shown) 
are buried into the contact open holes, thus completing the 
thin-film transistor of the present invention. 
[00161 

The present invention can be modified variously. For 
example, the material used as the gate electrode 3 may be 
aluminum or niobium. Anodic oxidation may be done in the same 
way as in the case of tantalum. Since the thin film thickness 
of the anodic oxide film can be controlled by the applied 
voltage, various thin-film transistor characteristics can 
be accomplished by various amounts of offset. Furthermore, 
the gate insulation film 2 . insulation film 7 on the top surface . 
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and insulation film 71 on the gate electrode 3 to be etched 
are of not limited to SiO^. Various substances can be used 
as long as selective etching of the gate electrode 3 and 
semiconductor thin film 1 can be done. 
[0017] 

Furthermore, in the above-described embodiment, the 
tantalum gate electrode 3 may be patterned, and then anodic 
oxidation may be conducted without implanting a dopant becoming 
a donor or acceptor. Using the insulation film 31 of Ta.Os 
and gate electrode 3 owing to the anodic oxidation as a mask, 
ion implantation may be done. Also, in this case, a so-called 

offset structure results. Similar effects are produced. 

[00181 

[Advantages of the Invention] 

AS described in detail thus far. in the present invention, 
the gate electrode is offset with respect to the semiconductor 
thin film doped with a dopant becoming a donor or acceptor 
by a given amount. Therefore, the OFF current of the thin-film 
transistor can be reduced. And. the third insulation film 
made of silicon oxide, for example, is formed. This is etched 
simultaneously with the gate insulation film during the contact 
hole format ion process. Accordingly, in the fabrication process . 
the conventional contact hole formation process already 
established can be used. Consequently, the fabrication yield 
can be improved, and the cost can be reduced. 
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[Brief Description of the Drawings] 

[Pig, 1] Fig. 1 is a diagram of a process for fabricating 
a thin- film transistor of an embodiment; 

[Fig. 2] Fig. 2 is a view illustrating the prior art 
and a technique of a prior patent application; and 

[Fig. 3] Fig. 3 is a process diagram showing the problem 
with the technique of the prior patent application. 
[Description of Symbols] 

1: semiconductor thin film; 2: gate insulation film; 3: gate 
electrode; 31: insulation film 31 of Ta205; 10: substrate; 
7: insulation film of Si02; 71: insulation film of SiOa 
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